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INTRODUCTION
The demand of suitable polymers for additive manufacturing processes has increased in the last years. The so far used polymer materials show weak performance regarding the stability of processed parts. To overcome this limitation and to expand the possibilities of SLM processes, a functionalization of the manufactured polymer powders is demanded. A treatment of powder material using atmospheric plasma gives such an opportunity. The functionalization includes a purification of the particle surface and an improvement of wettability in order to improve the adhesion coefficient [1] . FIGURE 1: Possible functional groups on the particle surface using pressurized air as plasma gas Fig. 1 shows possible interactions between the created OH radicals and the surface of a polymer particle. Next to the shown functional groups COOH, NH and NO x groups could be attached to the polymer.
EXPERIMENTAL

Atmospheric Pressure Plasma Jet (APPJ) spouted fluidized bed reactor
For the experiments an atmospheric pressure plasma jet (APPJ) system by Plasmatreat (Steinhagen, Germany) was used. The plasma system works as a non-equilibrium arc plasma torch [2] , inducing chemical active species at moderate temperatures (200 -300 °C). Still, the operation temperature of the plasma jet exceeds the maximum operating temperatures regarding the used polymers. By combining the plasma jet and a fluidized bed reactor however, immediate heat removal from the plasma jet can be achieved [3] . Consequently a homogenous radial heat distribution in the fluidized bed is realized and the measured temperature is lower than the melting temperature of the used polymers. The experiments were conducted in a fluidized bed reactor made of stainless steel with a diameter of 100 mm. The atmospheric plasma jet was located in the center of the distributer plate at the bottom of the fluidized bed (see 
MATERIALS
The experiments were carried out with Polyethylene (PE, DuPont), Polypropylene (PP, DuPont) and Polyamide (PA, EOS), as these materials are commonly utilized in SLS processes. PE and PP powders are classified as Geldart C particles and thus difficult to fluidize. In order to improve the fluidization behavior preliminary experiments were conducted in which PE and PP were coated with fumed silica R 106 ® (Evonik Industries). The used PA shows good flowability. For each experiment 0,001 m³ of polymer powder was used.
While N 2 was used as fluidization gas, the operating plasma gas was pressurized air, resulting in the following active species: OH*, COOH*, -NO x * radicals [4] .
Characterization of the functionalization
To characterize the effect of the functionalization, the wettability of the treated polymers investigations using a Tensiometer K12 (Krüss GmbH; Hamburg, Germany) were conducted. For this measurement a specified quantity of powder is filled in a glass tube with a filter paper at the bottom. When the powder column gets in contact with a penetrating liquid, the liquid is forced to rise in the packed powder bed due to capillary strength. By connecting the glass tube to a fine balance, it is possible to measure the mass gain caused by the rising liquid level. According to Washburn [5] , the wettability can be defined by the squared mass gain m as a function of time t.
(1)
The fluid properties are given by the density , the surface tension and the viscosity . The contact angle of the liquid on the investigated surface is . The contact factor C is a constant which depends on the characteristics of the measurement procedure like e.g. particle size. To determine the contact factor C, a reference measurement with perfectly wetting liquid (contact angle of 0°) must be carried out. Due to its low surface tension at room temperatures, hexane was used for this purpose [6] . Using this constant, the wetting angle of the other liquids like ethanol (hydrophilic) and silicon oil (hydrophobic) has been determined.
RESULTS
Results of ethanol wettability of untreated and for 120s plasma treated PP are shown in Figure 3 . The mass gain is shown in dependence on the measuring time. Following Eq.1, the higher the squared mass gain over time, the better is the wettability of the powder. So the higher gradient of the mass gain of the treated powder reveals that a plasma treatment for 120s leads to a significant gain in wettability of the particle surface regarding ethanol.
The results for the wettability of silicon oil of untreated and for 120s plasma treated PP powder is shown in Fig.4 . A comparison between the slopes of hydrophobic silicon oil and hydrophilic ethanol of the treated polymers reveals that the mass gain over time for ethanol has increased more than the mass gain for silicon oil. The results indicate that it is possible to influence the surface properties of polymer powder in order to achieve a more hydrophilic behavior using pressurized air as plasma gas. In order to investigate the influence of the attached fumed silica R 106, measurements with different amounts of fumed silica were carried out. Table 2 gives an overview of the measured slopes of the squared mass gain over time for ethanol and silicon oil. The results shown in Table 2 illustrate that the amount of fumed silica on the particle surface has no significant influence on the effect of the plasma treatment.
To obtain further information about the influence of the treatment time, measurements with plasma treatment for 120s and 300s were conducted. The results of the wettability measurements with hydrophilic ethanol for untreated, 120s plasma treated and 300s plasma treated PA are shown in According to Washburn, the different slopes of squared mass gain over the measurement time for silicon oil of PA with different treatment times again indicate a stepwise improvement of the wettability, since the gradient increases with increasing plasma treatment time. The improved wettability of the hydrophobic silicon oil is, as described before, due to the surface reactions with the created NO x radicals.
The experiments for plasma treated PA with treatment times varying from 120s to 300s show that an increase of the plasma treatment time results in a further improved wettability for, both, hydrophilic ethanol and hydrophobic silicon oil. As seen before for functionalized PP, the mass gain of ethanol has increased more than the mass gain of silicon oil.
Plasma treatment of PE shows the same effects as seen before for the treated PP and PA.
Processing in SLM-Process
To investigate the influence of the plasma treatment on the behavior of the polymer powders in the SLM-process, the treated polymers were processed at the Institute of Polymer Science (LKT; FAU Erlangen). Single layers were exposed to the laser. The laser energy was set to 26,4W with a scan velocity of 880 mm/s. The process chamber was preheated to 100°C. The distance of two line scans was 100μm. Fig. 7 shows a comparison of melted single layers of untreated PE and for 300s plasma treated PE. The images were obtained with an optical microscope (Zeiss Axio) in transmission mode with a magnification of 2.5. Since transmission mode was used to obtain images of melted single layer, the bright spots indicate areas without melted material. The plasma treated PE (right side of Fig. 7) shows less bright spots in the melted layer than the untreated PE (left side of Fig. 7) .
Because of the poor wettability of the untreated PE, the melted material does not fuse into a homogenous melted film. Plasmatreatment causes a better wettability of PE, which consequently leads to an optimised forming of layers of the melted material.
Conclusion
The effect of polymer functionalization using atmospheric pressure plasma was shown. The plasma treatment has significant influence on the surface properties of the polymer powders. The measurements of the particle wettability using the Washburn method revealed that the overall wettability of the treated powder has increased. The comparison of the behavior of hydrophobic and hydrophilic penetration liquids shows, that the hydrophilicity of the particles has increased. This follows the created plasma radicals (OH*, COOH*, NO x * radicals) when using pressurized air as the plasma working gas. In order to determine the effects of the plasma treatment on the polymer structure, DSC measurements have been carried out. These have shown no changes in thermal behavior of the powder, so aging effects can be neglected and the bulk properties of the polymers are not changed. The different polymer materials show different behavior regarding the effect of the plasma treatment, due to their different structure. Moreover the treated polymer materials show an improved forming of layers in the SLM-process due to the optimized wettability.
In conclusion the treatment of temperature sensitive materials using an atmospheric pressure plasma jet integrated in a fluidized bed reactor is possible. The excellent heat exchange in a fluidized bed reactor opens this technology for material with a melting point far lower than the temperature of the plasma jet. It is possible to influence the hydrophobic/hydrophilic surface properties of polymer particles in a large scale.
